A comparison between some regression correlations for predicting the global solar radiation received on a horizontal plane has been processed. Seven models for estimating the global solar radiation from sunshine duration and two meteorological parameters (air temperature and relative humidity) are presented. The root mean square error (RMSE), mean bias error (MBE), correlation coefficient (CC), and percentage error (e) have been also computed to test the accuracy of the proposed models. Comparisons between the measured and the calculated values have been made. The results obtained show that the linear and quadratic models are the most suitable for estimating the global solar radiation from sunshine duration, and for the models based on meteorological parameters, Abdalla and Ojosu's models give the best performance with a CC of 0.898 and 0.892, respectively.
Introduction
Solar energy applications require a complete knowledge and detailed analysis about the potential of the site, so a database at ground level is an important feature of solar energy systems.
Measurements of global solar radiation reaching the surface of the earth and its two components direct and diffuse are essential in the most research fields of solar energy. The daily values as well as the monthly ones are needed to evaluate the performance of existing solar devices and estimate the efficiency of the future installations [1, 2] .
When the site under consideration is equipped with a radiometric station operates regularly for several years, it will be easier to exploit solar energy resource. However, in most cases, there are no local measurements and we must resort to approximate methods to predict the characteristics of solar radiation.
In order to estimate the amount of solar energy incident on a horizontal surface, many models have been developed which relate the global solar radiation (H) with the sunshine duration. The first one is that proposed by Angstrom [3] [4] [5] which predicts the monthly average daily global solar radiation from sunshine duration and clear sky radiation data. Prescott puts this equation in a more convenient form, replacing the clear sky radiation by the extraterrestrial one [6] . Then, the Angstrom-Prescott model was developed by many researchers, who have correlated the global solar radiation with the sunshine duration in another regression forms [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] and with some meteorological parameters such as air temperature, relative humidity, cloudiness, and wind velocity [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . Each of these factors contributes in a significant manner in the estimation of global solar radiation.
In this work, a comparative study between seven models to estimate the global solar radiation on a horizontal surface from sunshine duration and some meteorological parameters 2 ISRN Renewable Energy has been conducted, using the local data of Ghardaïa region. The comparison between the estimated and the measured global solar radiation has been illustrated.
Database
The data used in this study are taken from the solar radiation laboratory located in the Applied Research Unit for Renewable Energies (URAER). Ghardaïa site is considered an arid and dry area, located in the south of Algeria, about 600 Km south of the capital city; it is framed by the following geographical coordinates: latitude of 32 ∘ 36 N, longitude of 3 ∘ 48 E, and altitude of 450 m above MSL. The global solar radiation data are measured via an EKO MS-64 Pyranometer with the short wave sensitivity of (7.0 mV/kW/m 2 ); more technical specifications of this Pyranometer are described in Table 1 . The air temperature and relative humidity measurement data were made by TECNOEL sonde Thermo-Igromertiche; its calibration accuracy is ±1.5% and temperature sensitivity is 0.1 ( ∘ C/mV). A data logger and a Campbell Scientific CR10X data acquisition system were used for reading the measurements. From the raw data stored for every five minutes, the mean, maximum, and minimum hourly values were calculated. From the hourly data set, daily and monthly statistics were made for the global solar radiation and meteorological data. The average hours of sunshine duration are illustrated in Figure 1 for the site under consideration; the highest values were in the summer season with a mean value of 12.23 hours, while the lowest values were in the winter season with a mean value of 7.43 hours. The monthly average daily global solar radiation, air temperature, and relative humidity are shown in Figures 2, 3, and 4.
Models Used
A brief description of the mathematical expression of the various models proposed in the present paper is given below. [4, 24] . The Angstrom-Prescott model is widely described by the authors in the study of solar radiation since Prescott has developed in 1940; the general form of this model is given by where 0 is the monthly average daily extraterrestrial radiation (MJ/m 2 ⋅ day) which can be expressed as 
Angstrom-Prescott Model (Linear Model)
where is sunset hour angle in degree defined as = cos −1 (− tan tan ) . number of the year starting from the first of January, and is the declination angle as given below:
SS is the monthly daily sunshine duration; SS 0 is the maximum possible monthly average daily sunshine hours or the day length. [24] .Ögelman et al. 's have correlated ( / 0 ) with (SS/SS 0 ) in the form of second-order polynomial equation: [14, 24] .
3.2.Ögelman et al. 's Model (Quadratic Model)
0 = + ( SS SS 0 ) + ( SS SS 0 ) 2 . (5)
Ampratwum et al. 's Model (Logarithmic Model)
In order to have more precision in the estimation of the global solar radiation, Ampratwum et al. have developed a logarithmic form of linear model as described below: [8, 24] . The exponential correlation between ( / 0 ) and (SS/SS 0 ) is given by Almorox et al. as
Almorox et al. 's Model (Exponential Model)
3.5. Abdalla's Model [25, 26] . Abdalla's model correlates ( / 0 ) with the sunshine duration, maximum air temperature, and average relative humidity, in order to increase the accuracy of the estimating coefficients. This model is based on the Gopinathan model [26] , which studied the variation of ( / 0 ) as a function of the latitude and the elevation of the site, the fraction of insolation, air temperature, and the maximum average relative humidity. This model has the following expression:
where max is the daily mean maximum air temperature and RH is the daily mean relative humidity as a percentage. [31] . Ojosu and Komolafe proposed the equation below:
Ojosu and Komolafe's Model
where min , max , RH min , and RH max are the mean minimum air temperature, mean maximum air temperature, mean minimum relative humidity, and mean maximum relative humidity, respectively. [29, 30, 32] . Hargreaves et al. were the first to propose a procedure to estimate the global solar radiation by using the difference between daily maximum and daily minimum air temperature and extraterrestrial radiation. The proposed equation has the following form:
Hargreaves et al. 's Model
where min and max are the mean minimum air temperature and mean maximum air temperature. A program written in MATLAB allowing to determine the empirical constants , , , and for each described model and compared models was thus found with the ground measurements. 
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Statistical Test
The accuracy of the estimated models will be judged by the statistical indicators, such as the correlation coefficient (CC), mean bias error (MBE), root mean square error (RMSE), and the percentage error ( ). These indicators are usually applied in the comparison of solar radiation models.
The mean square error provides information about the performance of correlations, which allows comparison of the real differences between the estimated values and the measured ones, a low RMSE is desirable. The MBE provides the long-term performance of the model; in general, the positive MBE shows overestimation while the negative MBE indicates underestimation. The correlation coefficient reflects the quality of the model; the more CC close to 1, the more the better quality. The expression of each statistical indicator is given:
,
where , and , are the th estimated and measured values, is the mean of observed data, and is the total number of observations.
Results and Discussion
The results of the validation of the models that estimate the global solar radiation from sunshine duration on the monthly basis are presented in Tables 2, 3 the months of the February and November when the RMSE is between 0.064 and 0.069. For the quadratic correlation, the result shows a slight improvement in the accuracy of the model for the month of August, where the coefficient of determination is equal to 0.83 (compared to the linear model, CC = 0.73); the quality of estimation is also improved in the months of June and December with an RMSE of 0.018 and 0.039, respectively. The regression based on the logarithmic and exponential models did not improve significantly the accuracy of estimation of the global solar radiation than the two previous models, as seen from the values of the CC, MBE, and RMSE. (Correlation coefficient reached his minimum values in November (CC = 0.48) for the logarithmic model.)
Another manner of the comparison between the measured and the predicted values was illustrated by the scatter diagram plotted in Figures 5, 6 , 7, and 8. A strong scattering of the points in the superior or in the inferior half of the regression line indicates, respectively, an overestimate or an underestimate.
For the linear model, the dispersion of estimated values around the regression line is fairly low in the months of January, March-August, October, and December, where the correlation coefficient ranges between 0.85 and 0.94; while this dispersion is small in the quadratic model, this indicates an excellent fitting between the global radiation and the sunshine duration.
For the logarithmic model, the dispersion of the estimated values is strong especially in the months of January, March, and August, and it is low in the months of February, September and November, while this dispersion remains low for the exponential model in the months of February, September, and November and it is strong too for the other months of the year.
The confrontation between estimated and measured monthly average global solar radiation by the different models is shown in Table 6 , which indicated that the percentage error never exceeds ±10% for all models. It was 1.903% as maximum value for the linear model, 1.974% for the quadratic model, −8.489% for the logarithmic model, and 3.217% for the exponential model. Among the four proposed models, we found in the first rank, the linear and quadratic correlations which give results that agree well with the measured values, compared with the other two models, which underestimate or overestimate measurements.
The validation of the various models on the annual basis is shown in Table 7 . For the correlation based on the sunshine duration, we can note that the linear and quadratic The comparison between the estimated and measured annual average values of the global solar radiation are presented in Table 8 ; the annual percentage error is ranged between −4.047% and 0.639%. So, it is clear that the linear quadratic models Abdalla and Ojosu are also the suitable models to estimate the annual global solar radiation on a horizontal surface in Ghardaïa region.
Conclusion
Several empirical models have been tested to estimate the global solar radiation on a horizontal surface, using the sunshine duration and the meteorological parameters. The goal of this paper is the validation of seven models to predict the monthly and the annual global solar radiation within a dataset of Ghardaia area and, thus, select the suitable model. The models were compared on the basis of statistical tests.
Depending on the obtained results, we can conclude that the linear and the quadratic models are the most accurate for estimating the monthly global solar radiation on a horizontal surface according to the statistical tests (CC: 0.956, RMSE: 0.018, and MBE: 43.10 −5 ); the percentage error never exceeds ±5%, which indicate an excellent fitting between the global solar radiation and sunshine duration. On the basis of annual estimation of global solar radiation, and for the models based on the sunshine duration, always the linear and the quadratic models provide the best accuracy (CC: 0.787, RMSE: 0.0451, and MBE: −0.0007); whereas for models using the meteorological parameters in addition to sunshine duration, we found that Abdalla and Ojosu's models are the most suitable with a CC of 0.898 and 0.892, respectively, and the relative error ranges between −0.289% and 0.639%.
